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rate, and the temperature and humidity data may be pro-
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SYSTEMS, METHODS AND DEVICES FOR
MEASUREMENT OF RATE OF HEAT

EXCHANGE OF AIRFLOW SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a 35 U.S.C. § 371 national stage entry

of PCT/US2014/023488, which claims priority to U.S. Pro-
visional Patent Application No. 61/776,816, filed Mar. 12,
2013, and entitled “Device and Method for Measurement of
Energy Consumption of Systems with Flowing Air”, the
disclosure of which 1s incorporated herein by reference in 1ts
entirety.

TECHNICAL FIELD

Embodiments of the present disclosure generally relate to
systems, methods and devices for the measurement of a rate
of heat exchange i1n airflow systems, such as Heating,
Ventilation and Air-Conditioning (HVAC) systems.

BACKGROUND

HVAC systems generally receive an air stream and con-
dition the air, which can include changing i1ts temperature
and/or humidity, for example. The process mvariably con-
sumes energy, and the rate of energy consumption can
change all the time due to numerous factors. It 1s desirable
to be able to determine the instantaneous rate of heat
exchange, or thermal load, between the air stream and the
HVAC system.

Metering the electric power input 1into the HVAC system
1s not always feasible, and even when 1t 1s, 1t does not always
provide a satisfactory measure of the instantaneous energy
dissipation associated with the air itself, especially when the
HVAC system has separate components for mechanical
control of air flow and for chilling or heating heat exchange
clements, or when some of the components are shared across
several separate units. At the same time, an accurate deter-
mination of instantaneous thermal load can be 1nstrumental
in diagnosing waste, improving ethiciency and also being
able to correctly attribute efliciency gains to their true cause
or enabler. A tool that could directly, and reliably, determine
the thermal load from the air stream itself, can be a very
cllective means to diagnose HVAC energy etliciency, 1den-
tify potential improvements, and confirm the performance
and value of such improvements.

SUMMARY OF DISCLOSURE

Some embodiments of the disclosure provide systems,
methods and devices that combine real-time measurements
during flow of a stream of air (which may be referred to as
an “airflow” or as an air stream, the term and phrase used
interchangeably throughout), that are relatively easy, prac-
tical and accurate, with precise parametric calculations, for
reliably determining the instantaneous airflow and heat
exchange rate experienced by the air stream.

In some embodiments, a method (which may be computer
implemented) for determining instantaneous heat exchange
between an airflow and a heat exchange element of an
HVAC system 1s provided. The method may comprise
receiving (or otherwise obtaining, both terms used inter-
changeably throughout the disclosure) airflow data corre-
sponding to at least one of a velocity, and static pressure of
an airflow over and/or through a heat exchange element of
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a specified HVAC system or airflow data corresponding to a
fan power of a fan within the HVAC system. The method
may include receiving first temperature and first humidity
level data of the airflow prior to encountering the heat
exchange element, second temperature and second humidity
level data of the airflow after encountering the heat
exchange element. The method may further comprise
accessing at least one database having stored thereon at least
enthalpy data for a plurality of temperatures and humidity
levels, processing at least one of the velocity, static pressure
and fan power signals and/or data corresponding thereto and
determining a volumetric airflow rate (QQ) of the airtlow. The
method may further comprise processing at least some of the
temperature and humidity data with enthalpy data to deter-
mine the change in enthalpy (Ah) of the airflow after
encountering the heat exchange element, and determining an
instantaneous rate of heat exchange (E) between the airtlow
and the heat exchange element from the determined volu-
metric airtlow rate and change in enthalpy.

In some embodiments, the method may further comprise
outputting at least the determined instantaneous heat
exchange between the airflow and the heat exchange ele-
ment to at least one of a database, a display, a computer, a
server, a printer, and a mobile device. In some embodiments,
at least one of the receiving, accessing, processing and
determining steps are carried out substantially in real-time.
In some embodiments, a plurality of the receiving, access-
ing, processing and determining steps are carried out sub-
stantially 1n real-time. In some embodiments, receiving,
accessing, processing and determiming steps are carried out
substantially in real-time.

In some embodiments, receiving comprises receiving the
data via at least one of wired or wireless communication.
The airtlow data may comprise an instantaneous reading of
at least one of the velocity and static pressure. The method
may be performed by at least one processor. In some
embodiments, the processor may be remote from the HVAC
system. The data stored on the database may include per-
formance properties of the fan or a blower of the HVAC
system. In some embodiments, the performance properties
of the fan or blower may comprise a characteristic pressure-
volumetric airflow rate curve of the fan or blower.

In some embodiments, the data stored on the database
includes parameters for converting at least one of velocity
and static pressure data to a volumetric tlow rate specific to
the HVAC system. In some embodiments, the data stored on
the database includes historical data including at least one of
weather, energy consumption, system operation, and system
performance associated with the HVAC system.

In some embodiments, a non-transitory computer read-
able medium 1s provided having stored thereon at least one
of an application program and computer instructions opera-
tional on one or more processors for performing a computer
implemented method for determining instantanecous heat
exchange between an airflow and a heat exchange element
of an HVAC system comprising receiving airflow data
corresponding to at least one of a velocity and static pressure
of an airflow over and/or through a heat exchange element
of a specified HVAC system or airflow data corresponding
to a fan power of a fan within the HVAC. The method may
include receiving first temperature and first humidity level
data of the airtlow prior to encountering the heat exchange
clement and receiving second temperature and second
humidity level data of the airflow after encountering the heat
exchange element. The method may include accessing at
least one database having stored thereon at least enthalpy
data for a plurality of temperatures and humidity levels,
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processing at least one of the velocity, static pressure and fan
power signals and/or data corresponding thereto and deter-
mimng a volumetric airflow rate (QQ) of the airflow, process-
ing at least some of the temperature and humidity data with
enthalpy data to determine the change in enthalpy (Ah) of the
airtlow after encountering the heat exchange element and
determining an instantaneous rate ol heat exchange (E)
between the airflow and the heat exchange element from the
determined volumetric airflow rate and change 1n enthalpy.

In some embodiments, a system for determining instan-
taneous heat exchange between an airflow and a heat
exchange element of an HVAC system 1s provided, the
system comprising an HVAC system. The HVAC system
may comprise an air handling unit configured to receive and
cllect heat exchange via a heat exchange element on an
airtlow at least partially received from an interior space and
return the airflow after heat exchange to the interior space.
The HVAC system may comprise the heat exchange ele-
ment, at least one airflow sensor arranged proximate the heat
exchange element and configured to generate at least one of
a velocity and static pressure signal determinative of at least
one of a velocity and static pressure, respectively, of an
airtlow over and/or through the heat exchange element, a
first temperature sensor and a first humidity sensor arranged
proximate the heat exchange element on an upstream side
thereot, each sensor configured to generate respective first
signals determinative of a temperature and a humidity level,
respectively, of the airflow prior to encountering the heat
exchange element, a second temperature sensor and a second
humidity sensor arranged proximate the heat exchange ele-
ment on a downstream side thereot, each sensor configured
to generate respective second signals determinative of a
temperature and a humidity level, respectively, of an airflow
alter encountering the heat exchange element. At least one
database may have stored thereon at least enthalpy data for
a plurality of temperatures and humidity levels. At least one
computer processor may be configured to receive the air-
flow, temperature and humidity signals generated by the
sensors and/or data corresponding thereto, access the at least
one database, with computer instructions operational
thereon for processing at least one of the velocity and static
pressure signals and/or data corresponding thereto thereby
determining a volumetric airflow rate (QQ) of the airflow,
processing the temperature and humidity signals and/or data
corresponding thereto with data from the database thereby
determining a change in enthalpy (Ah) of the airflow after
encountering the heat exchange element and determining the
instantaneous rate of heat exchange (E) between the airtlow
and the heat exchange element.

In some embodiments, the computer instructions may be
turther operational to output at least the determined 1nstan-
taneous heat exchange between the airflow and the heat
exchange element to at least one of a database, a display, a
computer, a server, a printer, and a mobile device. In some
embodiments, the computer mstructions may be operational
to carry out at least one of receiving, accessing, processing,
and determining, substantially 1n real-time. In some embodi-
ments, the computer instructions may be operational to carry
out a plurality of recerving, accessing, processing and deter-
mimng, substantially in real-time. In some embodiments, the
computer instructions are operational for receiving, access-
ing, processing and determining, substantially in real-time.

In some embodiments, at least one signal generated from
the air flow sensor comprises an istantaneous reading of the
velocity and/or static pressure. The sensors may be config-
ured to provide the generated signals via at least one of wire
or wireless communications to the processor or to an inter-
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mediary computer or a communication device 1n commu-
nication with the processor. The processor may comprise at
least one remote computer.

In some embodiments, the HVAC system may include a
blower or a fan, and wherein the data stored on the database
includes performance properties of the blower or the fan. In
some embodiments, the performance properties of the fan or
blower may comprise a characteristic pressure-volumetric
airflow rate curve of the fan or blower. In some embodi-
ments, the data stored on the at least one database includes
parameters for converting at least one of velocity and static
pressure sensor signals to a volumetric tlow rate specific to
the HVAC system. In some embodiments, the data stored on
the database 1includes historical data including at least one of
weather, energy consumption, system operation, and system
performance associated with the HVAC system.

In some embodiments, a system for determiming instan-
taneous heat exchange between an airflow and a heat
exchange element of an HVAC system 1s provided, the
system comprising an HVAC system. The HVAC system
may comprise an air handling unit configured to receive and
cllect heat exchange via a heat exchange element on an
airflow at least partially received from an interior space and
return the airtlow, after heat exchange, to the interior space.
The HVAC system may comprise the heat exchange ele-
ment, at least one airflow sensor arranged proximate the heat
exchange element and configured to generate at least one of
a velocity and static pressure signal determinative of at least
one of a velocity and static pressure, respectively, of an
airflow over and/or through the heat exchange element, a
first temperature sensor and a first humidity sensor arranged
proximate the heat exchange element on an upstream side
thereol, each sensor configured to generate respective first
signals determinative of a temperature and a humidity level,
respectively, of the airflow prior to encountering the heat
exchange element, a second temperature sensor and a second
humidity sensor arranged proximate the heat exchange ele-
ment on a downstream side thereot, each sensor configured
to generate respective second signals determinative of a
temperature and a humaidity level, respectively, of an airflow
alter encountering the heat exchange element, at least one
database having stored thereon at least enthalpy data for a
plurality of temperatures and humidity levels and at least
one computer processor. The system may be configured to
determine an instantaneous heat exchange between the air-
flow and the heat exchange element based on the informa-
tion provided by the sensors.

In some embodiments, the determination of the instanta-
neous heat exchange 1s carried out substantially in real-time.

In some embodiments, an HVAC system 1s provided
comprising an air handling unit configured to receirve and
ellect heat exchange via a heat exchange element on an
airflow at least partially received from an interior space and
return the airflow after heat exchange to the interior space,
the heat exchange element, at least one airtlow sensor
arranged proximate the heat exchange element and config-
ured to generate at least one of a velocity and static pressure
signal determinative of at least one of a velocity and static
pressure, respectively, of an airtlow over and/or through the
heat exchange element, a first temperature sensor and a first
humidity sensor arranged proximate the heat exchange ele-
ment on an upstream side thereof, each sensor configured to
generate respective first signals determinative of a tempera-
ture and a humidity level, respectively, of the airtlow prior
to encountering the heat exchange element. and a second
temperature sensor and a second humidity sensor arranged
proximate the heat exchange element on a downstream side




US 9,933,320 B2

S

thereot, each sensor configured to generate respective sec-
ond signals determinative of a temperature and a humidity
level, respectively, of an airtlow after encountering the heat
exchange element, The HVAC system may be configured to
at least provide airtlow information of an airtlow proximate
the heat exchange element, and a plurality of temperature
and humidity levels. In some embodiments, the information
may be provided substantially 1n real-time.

In some embodiments, an HVAC system 1s provided
comprising an air handling unit configured to receive and
cllect heat exchange via a heat exchange element on an
airtlow at least partially received from an interior space and
return the airtflow after heat exchange to the interior space,
the heat exchange element, at least one of an airtlow sensor
arranged proximate the heat exchange element and config-
ured to generate at least one of a velocity and static pressure
signal determinative of at least one of a velocity and static
pressure, respectively, of an airflow over and/or through the
heat exchange element, or a fan proximate the heat exchange
clement for directing the airflow to the heat exchange
clement. The HVAC system may further comprise a {irst
temperature sensor and a first humidity sensor arranged
proximate the heat exchange element on an upstream side
thereol, each sensor configured to generate respective first
signals determinative of a temperature and a humidity level,
respectively, of the airflow prior to encountering the heat
exchange element. The HVAC system may be configured to
at least provide airflow information of airflow proximate the
heat exchange element, and at least one temperature and
humidity level.

In some embodiments, the system may comprise a second
temperature sensor and a second humidity sensor arranged
proximate the heat exchange element on a downstream side
thereot, each sensor configured to generate respective sec-
ond signals determinative of a temperature and a humidity
level, respectively, of an airtlow after encountering the heat
exchange element. In some embodiments, a power of the fan
may be determinative of a volumetric airflow rate (Q) of the
airtlow.

The details of one or more variations of the subject matter
described herein are set forth in the accompanying drawings
and the description below. Other features and advantages of
the subject matter described herein will be apparent from the
description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE

DRAWINGS

The principles and operations of the systems, apparatuses
and methods according to some embodiments of the present
disclosure may be better understood with reference to the
drawings, and the following description. The drawings are
given for 1llustrative purposes only and are not meant to be
limiting.

FIG. 1 1s a schematic 1llustration of an exemplary airflow
system, according to some embodiments of the present
disclosure;

FIG. 2 1s a schematic 1llustration of an exemplary airflow
system, according to some embodiments of the present
disclosure:

FIG. 3 1s a schematic illustration of an exemplary device
for measuring a thermal load 1n an airflow system, according
to some embodiments of the present disclosure; and

FI1G. 4 15 a flowchart 1llustrating an exemplary method for
measuring a thermal load 1 an airtlow system, according to

some embodiments of the present disclosure.

DETAILED DESCRIPTION

FIGS. 1 and 2 are each a schematic illustration of an
exemplary airtlow system, according to some embodiments
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6

of the present disclosure. As seen 1 FIG. 1, an airtlow
system 100 comprises an air mlet 102 for flow of incoming
air 104 from any location mto an air management unit 106.
The air management unit 106 can comprise a heat exchange
clement 110. The heat exchange element 110 can be con-
figured to condition the incoming air 104 by changing 1ts
properties, such as temperature and/or humidity, for
example. The now conditioned outgoing air 112 may tlow
out of the air management unit 106, via an air outlet 118 to
any desired location.

The heat exchange element 110 can comprise any suitable
clement for conditioning the incoming air 104. In some
embodiments, conditioning the imncoming air 104 can com-
prise exchanging heat between the incoming air 104 and the
heat exchange element 110. The rate of heat exchange, from
an engineering perspective of the air management unit 106,
may be referred to as a cooling load or a heating load, and
collectively as a thermal load. In some embodiments, during
the heat exchange, heat 1s transierred from the incoming air
104 to heat exchange element 110, resulting 1n outgoing air
112 cooler than the incoming air 104, and a cooling load on
the heat exchange element 110. In some embodiments,
during the heat exchange, the mncoming air 104 1s heated by
the heat exchange element 110 by transierring heat to the
incoming air 102, resulting 1n outgoing air 112 hotter than
the incoming air 104 and a heating load on the heat exchange
clement 110.

An exemplary airflow system 100 1s shown i FIG. 2,
where the airflow system 100 comprises a Heating, Venti-
lation and Air Conditioning (HVAC) system 200. The
HVAC system 200 may include the air management unit
106, comprising an air handling unit 206. The air handling
unit 206 may comprise any suitable configuration for selec-
tively conditioning supply air 208 exiting air handling unit
206, via an outlet 214, and introduced 1n an interior space
212. The air handling unit 206 may be further configured to
receive and eflect heat exchange via the heat exchange
clement 110 on the airflow, at least partially received from
the interior space 212, and return the airflow, after heat
exchange, to the mterior space 212.

The interior space 212 may be an office building, a
commercial building, a bank, a residential building, a house,
a school, a factory, a hospital, a store, a mall, an indoor
entertamnment venue, a storage facility, a laboratory, a
vehicle, an aircrait, a ship, a bus, a theatre, a partially and/or
tully enclosed arena, an educatlon tacility, a library and/or
other partially and/or fully enclosed structure and/or facility
which can be at times occupied by equipment, materials, live
occupants (e.g., humans, animals, synthetic organisms, etc.),
etc., and/or any combination thereof.

Return air 214, that 1s, indoor air exiting the interior space
212, may exit via conduits 218.

In some embodiments, the return air 214 may be partially
reintroduced 1nto the air handling unit 206, at an inlet 220,
and may be partially exhausted into the outside atmosphere,
or any other environment. The exhausted air 224 may egress
the HVAC system 200 in any suitable manner, such as via
exhaust ducts 226.

In some embodiments, all the return air 214 may be
reintroduced into the air handling unit 206, at ilet 220. In
some embodiments, all the return air 214 may be exhausted
to the outside atmosphere, or any other environment. The
volume of the portion of return air 214 flowing into the
HVAC system 200 may be controlled by a damper (not
shown) and/or a fan, or by any other suitable means.

A portion of fresh, outdoor air 240, may be introduced
into the HVAC system 200 via intake ducts 244 and an 1nlet
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246 for temperature adjustment thereof prior to introduction
into the interior space 212 as supply air 208. The volume of
the portion of outdoor air 240 tlowing into the HVAC system
200 may be controlled by a damper (not shown) and/or a fan,
or by any other suitable means.

In some embodiments, when the return air 214 may be
partially reintroduced into the air handling unit 206, the
incoming air 104 into the air handling unit 206 may com-
prise return air 214 and outdoor air 240. In some embodi-
ments, when no outdoor air 240 1s introduced into the air
handling unit 206, the incoming air 104 may comprise return
air 214 only or a mimimal volume of outdoor air 240. In
some embodiments, the mcoming air 104 may comprise
outdoor air 240.

In some embodiments, the air handling unit 206 may
comprise a plurality or single air handling fan 260 {for
directing the imncoming air 104 to tlow over and/or through
(over and/or through may collectively be referred to as
“through”) the heat exchange element 110 and there-out as
outgoing air 112. The fan 260 may be placed upstream or
downstream from the heat exchange eclement 110. The
outgoing air 112 may be provided to the interior space 212
as the supply air 208. In some embodiments, heat exchange
clement 110 within the air handling unit 206 may comprise
a cooling coil 264 for receiving the cooling load from the
incoming air 104. In some embodiments, 1n addition to the
cooling coil 264 or 1n place thereot, there may be provided
a heating coil 268 for receiving the heating load from the
incoming air 104 by heating the mmcoming air 104.

In accordance with some embodiments, a filter, scrubber,
or a passive or active catalytic element (not shown) may be
provided to reduce the concentration of contaminants pres-
ent 1n the return air 214 prior to being supplied as supply air
208 to the interior space 212.

In accordance with an embodiment of the present disclo-
sure, a method and a device may be provided for measuring
the thermal load, or rate of heat exchange or transfer,
between the incoming air 104 and the heat exchange element
110. This may be performed by any suitable method for
measuring a thermal load. An exemplary device 300 1s
shown 1n FIG. 3.

In accordance with some embodiments, the thermal load
may be determined according to the formula: E=QxAh,
which expresses the rate of heat exchange, E, between an air
stream and a heat exchange element wherein:

Q 1s the volumetric airtlow rate.

h 1s the volume-specific enthalpy of the air, and Ah=h_ -
h_ . represents the difference in specific enthalpy between
the incoming air h,, and the outgoing air h_ .. Incoming and
outgoing locations may be measured relative to the heat
exchange element 110 of the airflow system 100. In the
embodiment of FIGS. 1 and 2, the h,, denotes the specific
enthalpy of the incoming air 104 and h_ . denotes the
specific enthalpy of the outgoing air 112.

The volumetric airflow rate Q may be determined in any
suitable manner.

In one embodiment, the volumetric airflow rate Q may be
directly measured by a volumetric airflow rate meter or
sensor. In some embodiments the volumetric airflow rate
sensor may be incorporated in the device 300, as will be
shown 1in FIG. 3. In some embodiments, the volumetric
airtlow rate sensor may be separate from the device 300,
such as a volumetric airflow rate sensor 304 incorporated 1n
the air management unit 206 at any suitable location, such
as prior to the fan 260. The volumetric airflow rate sensor
304 may generate a signal determinative of the measured
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volumetric airflow rate Q, which may be transmitted to the
device 300 1n any suitable manner.

In some embodiments, such as HVAC systems 200, the air
flow may be varniable. Therelore, the volumetric airflow rate
(Q may change during flow. The volumetric airtlow rate O
changes lead to changes 1n incoming air specific enthalpy h,,
and outgoing air specific enthalpy h_ .. This can be, for
example, since the ncoming air 104 may be a mix of return
air 214 and outdoor air 240 or because the heat exchange
rate itself decreases as the air tlow velocity increases.

Therefore, according to some embodiments, there 1s pro-
vided a method for indirectly determining the volumetric
airflow rate Q.

In some embodiments, the volumetric airtflow rate () may
be determined based on performance properties of the fan
260.

In some embodiments, this indirect method may employ

a characteristic pressure-flow curve of the fan 260. The

characteristic pressure-flow curve may be based on a char-
acteristic function Q(AP) of the fan 260. Generally, the fan
260 has a characteristic function Q(AP) relating volumetric
airflow rate Q to the pressure difference AP between the
incoming air 104 and outgoing air 112 1n the vicinity of the
fan 260. In some embodiments, the characteristic pressure-
flow curve may be dependent on the geometrical features of
the fan 260, such as the fan blade structure and number of
blades, for example.

Differential pressure AP 1s relatively easy and inexpensive
to measure with high accuracy. Thus, by storing the known
characteristic function Q(AP) of fan 260 in any suitable
manner, and nstalling pressure sensors 302 before and after
the fan 260, the device 300 can accurately determine the
volumetric airtlow rate Q. In some embodiments, the 1nstan-
taneous volumetric airflow rate may be determined. Instan-
taneous volumetric airflow rate may include the volumetric
airflow rate at a desired moment. In some embodiments, the
volumetric airflow rate over a relatively extended time
period may be determined.

Throughout the present disclosure the term pressure may
also indicate the static pressure.

The characteristic function Q(AP) may be determined 1n
any suitable manner, such as empirically. The characteristic
function Q(AP) or the resultant pressure-flow curve, may be
stored 1n any suitable manner, such as in a computing system
and/or the device 300. In some embodiments, the charac-
teristic function Q(AP) or pressure-flow curve may be pro-
vided by the manufacturer or may be provided by any other
source.

In some embodiments, the volumetric airtflow rate () may
be approximately determined as: Q=AxV, wherein A 1s a
cross sectional area of a conduit where the air flows and V
1s the velocity of the airtlow.

In one embodiment, the velocity V may be directly
measured by a velocity meter or a velocity sensor. In some
embodiments, the velocity sensor may be incorporated in the
device 300, as will be shown in FIG. 3. In some embodi-
ments, the velocity sensor may be separate from the device
300, such as a velocity sensor 306 incorporated in the air
management unit 206 at any suitable location, such as prior
to the fan 260. The velocity sensor 306 may generate a signal
determinative of the measured velocity V, which may be
transmitted to the device 300 1n any suitable manner.

In some embodiments, such as in HVAC systems 200, the
air flow velocity may not be uniform across the entire cross
section of the conduit where the velocity 1s being measured.
In some embodiments, the area A may comprise a cross
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section of a conduit 308 leading the mmcoming air 104 to the
air handling unit 206. The conduit 308 cross section 1s
shown by dashed line 310.

Therelfore, according to some embodiments, there 1s pro-
vided a method for mapping the locally measured air veloc-
ity V to a volumetric airflow rate Q 1n any suitable manner,
such as empirically. In some embodiments, for example, the
velocity mapping may be performed by measuring the
velocity of the air stream at different settings of fan 260 or
different operational modes of the air handling unit 206. In
a case wherein the volumetric airtlow rate QQ 1s known for
cach fan setting or diflerent operational modes of the air
handling unit 206, a V per Q conversion table of measured
velocities V per corresponding volumetric airflow rates ()
may be established. With the aid of the V per Q conversion
table, future measured velocities may be used to indicate an
unknown volumetric airflow rate Q. Moreover, the V per
conversion table may be used to extrapolate or interpolate
the volumetric airtlow rate QQ, based on a measured velocity
V.

For example, the mapping may be performed by initially
placing a velocity sensor 306 1n proximity to inlet 214. The
fan 260 may be operated at three settings where 1n each
setting the volumetric airtlow rates, Q,, O, and Q, are
known. At each fan setting the corresponding velocities are
measured and the velocity measurements V,, V, and V; are
stored. Accordingly, a V per Q conversion table 1s estab-
lished and stored. This resultant non-linear calibration can
be quantified and stored in any suitable manner, such as in
a computing system and/or device 300. Based on the stored
V per QQ conversion table, future velocity measurements by
the velocity sensor, may be used to determine the corre-
sponding volumetric airtlow rate QQ, such as by matching the
measured velocity to the corresponding volumetric airflow
rate, or by extrapolation or interpolation. In some embodi-
ments, a computing device and/or device 300 may perform
matching the measured velocity to the corresponding volu-
metric airtlow rate or perform the extrapolation or iterpo-
lation, generally based on more than a single velocity
measurement.

In some embodiments the volumetric airflow rates, Q,, Q,
and Q, may be known 1n any suitable manner, such as by
using the characteristic function Q(AP), described herein.

In some embodiments, the V per Q conversion table may
be further used to establish a velocity V per area A conver-
s1on table. Using the relationship Q=AxV, and assuming that
during establishment of the V per Q conversion table, the air
flow velocity V 1s uniform across the entire area A, then the
area A may be represented by (Q/V. A conversion table of the
velocity V per area A, represented by (Q/V, may be deter-
mined. Accordingly, future velocity measurements by the
velocity sensor, may be used to determine the corresponding,
resultant area A (1.e. Q/V), such as by matching the mea-
sured velocity to the corresponding resultant area in the
velocity V per area A conversion table, or by extrapolation
or interpolation. In some embodiments, a computing device
and/or device 300 may perform matching the measured
velocity to the corresponding resultant area or perform the
extrapolation or interpolation, generally based on more than
a single velocity measurement.

In some embodiments, the areca A may be a predetermined
property provided by the manufacturer of the air manage-
ment unit 106. In some embodiments, the areca A may be
determined by the device 300 in any suitable manner.
Measurement of the area of cross section 310 may be
performed 1n any suitable manner, such as by manually
measuring the length or diameter of the area A and entering
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the measurement into the device 300 1n any suitable manner.
Alternatively, the measurement may be performed by 1imag-
ing the area A, such as by a camera. The image may be
analyzed by a processor to determine the area A.

The air handling unit 206 may comprise a blower for
driving the mncoming air 104 into the air handling umt 206
or other additional components. In some embodiments, a
characteristic function Q(AP) of the blower or a V per O
conversion table or velocity V per area A conversion table of
the blower or other components, may be determined and
used to determine the volumetric airflow rate Q.

In some embodiments, the volumetric airtlow rate () may
be determined by the power consumption of the fan 260. The
fan power may indicate the volumetric airflow rate. For
example, for a fan with an “on” and “off” setting, the
predetermined volumetric airtlow rate during operation of
the fan 260 1s provided by the manufacturer or may be
measured. For a variable speed fan, the fan power may
indicate the volumetric airtlow rate.

Determination of the thermal load may comprise the
enthalpy diflerential Ah measured at any two locations 1n the
airflow system 100. In some embodiments, the enthalpy
difference may be determined by determining the enthalpy
of the incoming air 104 and the enthalpy of the outgoing air
112.

In some embodiments, determination of the enthalpy may
be performed by an enthalpy sensor. The enthalpy sensor
may be incorporated in the device 300. In some embodi-
ments, an enthalpy sensor 314 may be incorporated in the air
management unit 206 at any suitable location such as before
the heat exchange element 110, on an upstream side thereof,
for detecting h, . and after the heat exchange element 110, on
a downstream side thereof, for detecting h_ . A signal
indicative of the detected enthalpies h,, and/or h_ ., may be
transmitted to the computing system and/or device 300 in
any suitable manner.

In some embodiments, the enthalpy may be determined
by an algorithm known 1n the art comprising the temperature
T of the airtflow and the relative humidity H of the airtlow.
An example of such an algorithm may comprise psychro-
metric charts. In some embodiments, a wet bulb temperature
of the airtlow may be measured and the air enthalpy h may
be determined by any suitable algorithm, such as an algo-
rithm comprising psychrometric charts.

The temperature T of the airflow may be determined 1n
any suitable manner, such as by a temperature sensor. In
some embodiments, the temperature sensor may be incor-
porated 1n the device 300, as will be shown in FIG. 3. In
some embodiments, a temperature sensor 316 may be 1ncor-
porated in the air management unit 206 at any suitable
location, such as before the heat exchange element 110, for
detecting the temperature of the incoming air 104, and after
the heat exchange element 110, for detecting the temperature
of the outgoing air 112. A signal indicative of the detected
temperatures may be transmitted to the computing system
and/or device 300 1n any suitable manner.

In some embodiments, the temperature of the airflow may
be measured at any suitable location out of the air manage-
ment unit 206, such as 1n proximity to the inlet 102 and/or
outlet 118, such as by a temperature sensor of the device
300.

The relative humidity H of the airflow may be determined
in any suitable manner, such as by a humidity sensor. In
some embodiments, the humidity sensor may be incorpo-
rated 1in the device 300, as will be shown 1in FIG. 3. In some
embodiments, a humidity sensor 318 may be incorporated 1n
the air management unit 206 at any suitable location, such
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as before the heat exchange element 110, for detecting the
humidity of the imcoming air 104, and after the heat
exchange element 110, for detecting the humidity of the
outgoing air 112. A signal indicative of the detected humid-
ity may be transmitted to the computing system and/or
device 300 1n any suitable manner.

In some embodiments, the humidity of the airflow may be
measured at any suitable location, out of the air management
unit 206, such as 1n proximity to the mlet 102 and/or outlet
118, such as by a humidity sensor of the device 300.

In some embodiments, the enthalpy sensor 314 may be
incorporated 1n the air management unit 206 before the heat
exchange element 110, for detecting h,, . The enthalpy after
the heat exchange element 110, h___, may be estimated based
on the enthalpy belfore encountering the heat exchange
element 110, h, , and other properties of the air handling unit
206. The properties of the air handling unit 206 may 1nclude
a temperature setting of the heat exchange element 110, such
as coils 264 and/or 268, size of the coil 264 and/or 268, and
design (e.g. size, volume) of the air handling unit 206. A
signal indicative of the detected enthalpies h, and/or h_ .
may be transmitted to the computing system and/or device
300 in any suitable manner.

Following determination of the volumetric airflow rate
and enthalpy differential Ah, or any other data, the thermal
load (i1.e. rate of heat exchange) on the heat exchange
clement 110 may be determined by the computing system
and/or device 300. The determined thermal load may be
stored 1n a data storage system, such as a memory associated
with a processor, 1 the device 300. Alternatively, the
determined thermal load may be stored in a data storage
system using any suitable storage functionality in the vicin-
ity of the airtlow system 100 or remotely therefrom. The
thermal load may be transmitted by transmission function-
ality 1n any suitable manner, such as being manually entered
or automatically over a wireless or wireline network, for
example. Examples of a wireless or wireline network may be
standard public wireline networks, public wireless networks,
such as cellular phone networks, WiF1, Bluetooth, satellite,
the mternet, or any specialized or proprietary communica-
tions network.

The thermal load may be turther processed. For example,
the thermal load may be normalized and presented as a value
of thermal load per predetermined unit, such as the thermal
load per year, thermal load per month or thermal load per
day or thermal load per volume of air.

In some embodiments, the computing system and/or
device 300 may receirve additional external data used to
determine the thermal load, such as data related to the
location of the air management unit 106, such as the location
of the air management unit 106 within the interior space 212,
such as a building or enclosed space, e.g. the floor or side of
the building or enclosed space. Additionally, the geographi-
cal location of the iterior space 212 may be provided to the
device 300 or any other related data. The data may be
transmitted to the computing system and/or device 300 in
any suitable manner, such as by being manually entered or
automatically by connecting to the internet or any other
database, for example.

In some embodiments, the computing system and/or
device 300 may recerve additional external data used in an
algorithm for determining the thermal load. For example, the
external data may comprise current or historical weather
conditions, which may be used, for determining the relative
humidity, for example. The external data may be transmitted
to the computing system and/or device 300 from remote
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database. In other embodiments the data can comprise the
parameters that characterize the fan 260 m FIG. 2 or the
geometric properties of the airr management unit 106 or air
handling unit 206. In some embodiments, the data can
comprise the energy consumption of components in the
HVAC system 200, such as the energy consumption of the
fan 260, heat exchange element 110, blowers and chillers,
for example. In some embodiments, the data can comprise
the thermal load on other components 1n the HVAC system
200, such as the thermal load on the fan 260, blowers or
chullers, for example.

The collection of such data may be valuable for analyzing
patterns, comparison of different systems, buildings, cities,
types of air management devices, trends and influences
related to energy consumption or air quality. Furthermore
collection of such data may be analyzed to achieve improved
energy and thermal load utilization practices, evaluate new
technologies or products, and support commercial, social or
scientific goals, for example. The collection of such data
may be valuable for any commercial purpose.

In some embodiments, the device 300 may be a separate,
standalone device, such as a mobile or handheld electronic
device, a computer, a cellular phone, smartphone, or a tablet.
In some embodiments, the device may be incorporated
within the air management unit 106 or within any other
clement of the airflow system 100 within the air handling
unit 206 or within any other element of the HVAC system
200.

In some embodiments, the device 300 or computing
system may include a non-transitory computer readable
medium having stored thereon at least one of an application
program and computer instructions operational on one or
more processors for performing a computer implemented
method for determining instantaneous heat exchange
between the airflow and the heat exchange element 110.

The airflow system 100, such as the HVAC system 200,
may comprise a control unit for controlling the operation of
the air management unit 106, such as the air handling unit
206. In some embodiments, the device 300 may be con-
trolled by this control umnit.

In some embodiments, the sensors, such as the volumetric
airtlow rate Q sensor, velocity V sensor, pressure P sensor,
temperature T sensor and relative humidity H sensor, and the
area A calculator, may be placed at different locations within
the airflow system 100 and the output of the sensors and
calculators may be transmitted to a processor, 1n any suitable
manner. The processor may be configured to determine the
thermal load from the recerved sensor and calculator output.
The processor may be located within the computing system
and/or device 300 or any suitable location within the airtlow
system 100 or remotely therefrom.

Turning to FIG. 3, an exemplary device 300 1s shown, it
being appreciated that a device for thermal load measure-
ment of the airrflow may be designed 1n any suitable manner.
The device 300 shown 1n FIG. 3 1s a hand held, portable
device. The device 300 may comprise any suitable input
module, such as a keypad 350 for entering data, such as the
model of the air handling unmit 206, for example. The data
may be stored within storage functionality, such as a
memory 354 and processed by a processor 356. In some
embodiments, for example, the model of the air handling
unit 206 may be used to provide the model of fan 260. The
processor 356 may retrieve the characteristic function Q(AP)
from memory 354, so as to determine the volumetric airtlow
rate QQ, as described above.

The memory 354 may further store additional informa-
tion, for example, psychrometric charts, unit conversion
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tables, locally measured air velocity maps, or any other
information employed for determiming the thermal load.

Additionally, the memory 354 may store a correlation
between an air property or air flow and the volumetric
airtlow rate Q. This correlation may include characteristic
functions, such as the characteristic function Q(AP), or
characteristic curves such as the pressure-flow curve, or
conversion tables, such as the V per Q conversion table or
the velocity V per area A conversion table. The correlation
may be stored 1n any suitable form, such as a curve, function,
series of numbers, map, conversion table or graph, for
example.

The memory 354 can be configured for storing an algo-
rithm for determining the thermal load based on the air flow
property. The algorithm may comprise E=QxAh, described
above.

In some embodiments, the stored data may include per-
formance properties of the fan 260 or a blower that drives
the airflow.

A camera 360 may be provided to image an area, such as
the area A of the air handling unit 206 for analyzing the
image by the processor 356 to determine a desired area.

Additional data may be transmitted to the device 300 via
wired communication means 362 or wireless communica-
tion means 364. For example, the relative humidity of
outdoor air 240 (FIG. 2), may be transmitted via wireless
communication means 364 to the device 300 or external
signals may be received by the wired communication means
362 or wireless communication means 364, such as signals
from pressure sensors 302 of FIG. 2, for example.

The device 300 may comprise sensors for measuring air
properties of the airtlow, such as for example, a temperature
T sensor 370, a humidity H sensor 372, and a pressure sensor
374. The device 300 may comprise sensors for measuring air
flow, such as a volumetric airtflow rate QQ sensor 376 and a
velocity V sensor 378.

The processor 356 may be configured to receive the
airtlow, temperature and humidity signals generated by the
sensors and/or data corresponding thereto. Additionally the
processor 356 may be configured to access a database with
computer instructions operational thereon for processing the
velocity and static pressure signals and/or data correspond-
ing thereto thereby determining a volumetric airtflow rate (Q)
of the airtlow. Additionally, for processing the temperature
and humadity signals and/or data corresponding thereto with
data from the database thereby determining a change in
enthalpy (Ah) of the airflow after encountering the heat
exchange element 110, and for determining the instanta-
neous rate of heat exchange (E) between the airflow and the
heat exchange element 110.

The processor 356 may determine the rate of heat
exchange (1.e. the thermal load) in any suitable manner, such
as by employing the methods described. The determined
thermal load may be shown on a display screen 384 or may
be provided by any suitable output module.

The data, such as the sensor output and/or the rate of heat
exchange, may be transmitted, via the wired communication
means 362 or wireless communication means 364, to the
processor 356, or to an mtermediary computer or a commu-
nication device in communication with the processor 356 or
another remote location for storage and/or further processing
thereol.

In some embodiments the device 300 may comprise
turther mechanical and/or electrical components and con-
nections.

In some embodiments, the processing by processor 356
and/or the memory storage by memory 3354 is performed
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remotely, out of the device 300. In some embodiments
external sensors, placed out of the device 300 may be
provided and the sensor signals may be accessed by the
device 300 through the Internet.

In some embodiments, data may be stored 1n a database
remotely from the device 300 or stored within memory 354
of the device 300 or a computing system. The device 300 or
computing system or any other database, may receive data
stored on the at least one database includes performance
properties of the fan 260 or a blower of the HVAC system.
The stored data may include parameters for converting the
velocity and/or static pressure data to the volumetric airflow
rate. The database may also store thereon enthalpy data for
a plurality of temperatures and humidity levels. The data-
base may also store thereon historical data including at least
one of weather, energy consumption, system operation, and
system performance associated with the HVAC system 200.

FIG. 4 1s a flowchart 1llustrating 1s an exemplary method
for measuring a thermal load in the airflow system 100,
according to some embodiments of the present disclosure.

In step 400 the volumetric airflow rate QQ of an air stream
in the air flow system 100 may be determined. In some
embodiments, volumetric airtlow rate () may be determined
directly, such as by a volumetric airtlow rate Q sensor, such
as volumetric airflow rate Q sensor 376 of device 300.

As described above, 1n some HVAC systems 200, some
air flow properties of the air stream, such as mmcoming air
104, may change from one instant to another or may not be
umiform. For example, the volumetric airflow rate Q may
change constantly or the velocity V may not be uniform
across the entire arca A, where the velocity 1s being mea-
sured.

In some embodiments, the volumetric airtflow rate (Q may
be determined indirectly. A correlation between a measur-
able air property or measurable air flow and the volumetric
airflow rate () may be provided. The measurable air property
may comprise, for example, the air stream temperature,
humidity, and/or pressure. The measurable air flow may
comprise the air stream velocity. This correlation may
comprise the characteristic function Q(AP), or characteristic
curves such as the pressure-tflow curve, or conversion tables,
such as the V per Q conversion table or the velocity V per
area A conversion table, described herein. Accordingly, the
volumetric airflow rate Q can be inferred from the measur-
able air property/air flow and Q correlation. In some
embodiments, the volumetric airflow rate () may be deter-
mined based on the fan power.

In some embodiments, the device 300 or computing
system may receirve aitrflow data, corresponding to the
velocity, and static pressure of the airtlow through the heat
exchange element 110 or may receive airtlow data corre-
sponding to the fan power of fan 260. The airtlow data may
comprise an mnstantaneous reading of the at least one of the
velocity and static pressure.

Step 404 may comprise determining the specific enthalpy
differential Ah, comprising determining h, of the air stream
prior to flow through the heat exchange element 110, such as
incoming air 104, and the specific enthalpy h_ . of the air
stream after flow through the heat exchange element 110,
such as the outgoing air 112. This may be determined 1n any
suitable manner, such as by detecting the temperature T and
humidity H of the air stream before and after flow of the air
stream through the heat exchange element 110, as seen 1n
step 408. The detection of the specific enthalpy may be
performed 1n any suitable manner, such as by sensors
including, for example, temperature T sensor and humidity
H sensors. In some embodiments the sensors may be placed
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within the device 300, such as the temperature T sensor 370
and the humidity H sensor 372. In some embodiments, the
sensors may be placed within the air management unit 106.
In some embodiments, enthalpy after the heat exchange
clement 110, h_ ., may be estimated obtained, received or
drawn from a memory, based on the enthalpy before encoun-
tering the heat exchange element 110, h, , and other prop-
erties of the air handling unit 206, described herein.

The specific enthalpy h may be determined 1n any suitable
manner. In some embodiments, the enthalpy may be deter-
mined by an algorithm known in the art comprising the
temperature T of the airflow and the relative humidity H of
the airtlow. An example of such an algorithm may comprise
psychometric charts, known in the art.

In some embodiments, a database having stored thereon at
least enthalpy data for a plurality of temperatures and
humidity levels, may be accessed. Some of the temperature
and humidity data with enthalpy data may be processed to
determine the change in enthalpy (Ah) of the airflow after
encountering the heat exchange element 110.

Step 410 may comprise determining the thermal load by
employing the algonthm comprising E=Qx(h, -h_ ).
thereby determining the instantaneous rate of heat exchange
between the airflow and the heat exchange element from the
determined volumetric airflow rate and change 1n enthalpy.

The determined instantaneous heat exchange between the
airflow and the heat exchange element 110 may be outputted
to at least one of a database, a display, a computer, a server,
a printer, and a mobile device, which may be part of device
300 or the computing system or separate thereirom.

In some embodiments, the method for measuring a ther-
mal load in the airtlow system 100 may be carried out
substantially 1n real-time, when the airflow flows through
the heat exchange element 110.

The order of the steps of FIG. 4 may be interchangeable.
For example, determining the volumetric airflow rate QQ 1n
step 400 can be performed after determining the specific
enthalpy differential h, -h___ 1n step 404.

In some embodiments, in addition or instead determining,
the heat exchange rate, the HVAC system 200 may be
configured to provide airflow information of the airtlow
proximate the heat exchange element 110, and a plurality of
temperature and humidity levels thereof.

The thermal load determination may be performed by a
user or automatically by following a predetermined protocol
setting out steps, durations and locations for performing the
determination. In a non-limiting example, the protocol may
comprise measuring the air tlow property by placing the
device 300 at the mlet 102 of FIG. 1 or at inlet 220 and/or
inlet 246 of FIG. 2, for a predetermined duration and
thereatter placing the device 300 at the outlet 118 of FIG. 1
or outlet 214 of FIG. 2, for a predetermined duration.

In the following description some exemplary methods are
described for measuring the thermal load of the heat
exchange element 110 comprising the cooling coil 264 of the
air handling unmit 206. It 1s appreciated that other methods
may be used and thermal load at other locations within the
HVAC system 200, may be determined.

A first exemplary method describes measuring the thermal
load for conditioming the incoming air 104 by the coil 264.
The incoming air 104 may be directed into the air handling
unit 206 by fan 260.

The volumetric airflow rate Q may be determined by
measuring the pressure diflerential AP measured by pressure
sensors 302. The device 300 may detect signals emitted by
the pressure sensors 302 and store detected pressure value
therein. Thereafter the volumetric airtlow rate () may be
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found according to the characteristic function Q(AP) pro-
vided by the manufacturer of fan 260 and stored in the
device 300.

The specific enthalpy differential Ah may be determined
by determining the specific enthalpy of the incoming air 104
and the specific enthalpy of the outgoing air 112. In this first
exemplary method the incoming air 104 comprises both the
return air (RA) 214 and the outdoor air (OA) 240, which are
introduced into the air handling unit 206. Following condi-
tioning by the coil 264, the combined return air 214 and
outdoor air 240 are provided to the interior space 212 as
supply air (SA) 208.

Accordingly, the specific enthalpy of the incoming air
104, h. , comprises the specific enthalpy of the return air

1F12

(RA) 214 and the outdoor air (OA) 240 and 1s denoted by
h,,.,, The specific enthalpy of the outgoing air 112
comprises the specific enthalpy of the supply air 208, and 1s
denoted by h.,.

The temperature and relative humidity of the incoming air
104 may be measured within the air handling unit 206 such
as at a location 320 or in proximity thereto, wherein both the
return air 214 and the outdoor air 240 flow prior to coil 264.
The temperature and relative humidity are respectively
denoted by T,,.,, and H,, ,,. The specific enthalpy,
h, .. ., may be determined by an algorithm known 1n the art
comprising T, .., and H, ., such as by employing psy-
chometric charts.

The temperature and relative humidity of the outgoing air
112 may be measured within the air handling unit 206 such
as at a location 326, where the supply air 208 tlows passed
coil 264. The temperature and relative humadity are respec-
tively denoted by T., and H., or wet bulb T,..,. The
specific enthalpy, h. ,, may be determined by an algorithm
known 1n the art comprising T., and H., or comprising
T, such as by employing psychometric charts

The thermal load thus may be calculated as

Eptr04=O%xp 1,04 Msa)-

A second exemplary method describes measuring the
thermal load for conditioning the incoming air 104 by the
coil 264. The incoming air 104 may be directed into the air
handling unit 206 by fan 260.

As 1n the first exemplary method, the volumetric airtlow
rate Q may be determined by first measuring the pressure
differential AP measured by pressure sensors 302. The
device 300 may detect signals emitted by the pressure
sensors 302 and store detected pressure value therein. There-
alter the volumetric airtlow rate (Q may be found according
to the characteristic function Q(AP) provided by the manu-
facturer of fan 260 and stored in the device 300.

The specific enthalpy differential Ah may be determined
by determining the specific enthalpy of the incoming air 104
and the specific enthalpy of the outgoing air 112. In this
second exemplary method the HVAC system 200 may
operate 1n an “Economizer mode” wherein all the return air
214 1s exhausted and only the outdoor air 240 1s introduced
into the air handling unmit 206. Following conditioning
therein by coil 264, the outdoor air 240 1s provided to the
interior space 212 as supply air 208.

Accordingly, the specific enthalpy of the incoming air
104, h, , comprises the specific enthalpy of the outdoor air
(OA) 240 h, ,. The specific enthalpy of the outgoing air 112
comprises the specific enthalpy of the supply air 208 h,.

The temperature and relative humidity of the incoming air
104 may be measured within the air handling unit 206 such
as at the location 320, wherein the outdoor air 240 flows

prior to coil 264. The temperature and relative humaidity are
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respectively denoted by T, , and H, ,. The specific enthalpy,
h, ,, may be determined by an algorithm known 1n the art
comprising T, and H, , such as by employing psychomet-
ric charts.

As 1n the first exemplary method, the temperature and
relative humidity of the outgoing air 112 may be measured
within the air handling unit 206 such as at a location 326,
wherein the supply air 208 flows passed coil 264. The
temperature and relative humidity are respectively denoted
by T.,and H., or wet bulb T, ,. The specific enthalpy, h.. ,,
may be determined by an algorithm known in the art
comprising T., and H., or comprising T,,.,, such as by
employing psychometric charts

The thermal load thus may be calculated as:

EEcanamizer: QX (hGA_hSA)'

A third exemplary method describes measuring the ther-
mal load for conditioning the incoming air 104 by the coil
264. The imcoming air 104 may be directed into the air
handling unit 206 by fan 260.

As 1n the first exemplary method, the volumetric airtlow
rate (Q may be determined by first measuring the pressure
differential AP measured by pressure sensors 302. The
device 300 may detect signals emitted by the pressure
sensors 302 and store detected pressure value therein. There-
after the volumetric airflow rate Q may be found according
to the characteristic function Q(AP) provided by the manu-
facturer of fan 260 and stored in the device 300.

The specific enthalpy differential Ah may be determined
by determining the specific enthalpy of the incoming air 104
and the specific enthalpy of the outgoing air 112. In this third
exemplary method the HVAC system 200 may operate in an
“Energy saving mode”, where mainly the return air 214 1s
introduced into the air handling unit 206. Following condi-
tioming therein by coil 264, the return air 214 1s provided to
the 1nterior space 212 as supply air 208. In the energy saving,
mode a minimal volume of outdoor air 240 may be intro-
duced into the air handling umt 206 and included in the
supply air 208 or no volume of outdoor air 240 1s introduced
into the air handling unit 206.

Accordingly, the specific enthalpy of the incoming air 104
h, comprises the specific enthalpy of the return air (RA) 214
h, ,. The specific enthalpy of the outgoing air 112 comprises
the specific enthalpy of the supply air 208 h.,.

The temperature and relative humaidity of the incoming air
104 may be measured within the air handling unit 206 such
as at the location 320, wherein the return air 214 tflows prior
to coill 264. The temperature and relative humidity are
respectively denoted by T, , and H ,. The specific enthalpy,
h, ,, may be determined by an algorithm known in the art
comprising 1, , and H,, , such as by employing psychometric
charts.

As 1n the first exemplary method, the temperature and
relative humidity of the outgoing air 112 may be measured
within the air handling unit 206 such as at a location 326,
wherein the supply air 208 flows passed coil 264. The
temperature and relative humidity are respectively denoted
by T, and H., or wet bulb T, ,. The specific enthalpy, h. ,,
may be determined by an algorithm known in the art
comprising T., and H., or comprising T,,.,, such as by
employing psychometric charts

The thermal load thus may be calculated as:

EE}: ergy Saving: QX (k}bi +GA_kSA) -

The example as set herein 1s meant to exemplity the
various aspects of carrying out the mvention and 1s not
intended to limit the invention 1n any way.
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In the following example a method for measuring the
thermal load for conditioning the outside air 240 only by the
airr handling umit 206 1s described utilizing the second
exemplary method described above.

EXAMPL

L1l

Experimental Procedure:

The volumetric airtlow rate () was measured resulting 1n
Q=1000 cubic feet per minute (cim).

The temperature and relative humidity of the outdoor air
240 were measured at location 320.
T,,=95° F. and H, ,=80% RH (relative humidity). The
enthalpy, was determined using psychrometric charts,
known 1n the art, resulting i h, ,=54.71 Btu/lb.

The temperature and relative humidity of the supply air
208 were measured at location 326.
T.,=66° F. and H.,=50% RH (relative humidity). The
enthalpy, was determined using psychrometric charts,
known 1n the art, resulting in h,,=23.22 Btu/lb.
The thermal load 1.e. the heat exchange rate between the
airflow and the coil 264, was calculated as:

L =0%x(hp —h 4c)=1000 [cim]x(54.71-23.22)}(Btu/
Ib)x4.5=141,705 Btu/hour.

The 4.5 1s the conversion factor of the estimated weight
in pounds of a cubic foot of air and conversion of minutes
to an hour.

Communication between the computing system or device
300 and any other components of the airflow system 100,
such as the HVAC system 200, may be provided 1n any
suitable manner. In some embodiments, the communication
can be wired and provided through electrical connections. In
some embodiments, the communication can be wireless via
an analog short range communication mode, or a digital
communication mode mncluding WIFI or BLUETOOTH®.
Additional examples of such communication can include a
network. The network can include a local area network
(“LAN™), a wide area network (“WAN™), or a global net-
work, for example. The network can be part of, and/or can
include any suitable networking system, such as the Internet,
for example, and/or an Intranet. Generally, the term “Inter-
net” may refer to the worldwide collection of networks,
gateways, routers, and computers that use Transmission
Control Protocol/Internet Protocol (“TCP/IP””) and/or other
packet based protocols to communicate therebetween.

In some embodiments the airtlow system 100 may com-
prise a single or plurality of transmission elements for
communication between components thereof. In some
embodiments, the transmission element can include at least
one of the following: a wireless transponder, or a radio-
frequency 1dentification (“RFID’) device. The transmission
clement can include at least one of the following, for
example: a transmitter, a transponder, an antenna, a trans-
ducer, and/or an RLC circuit or any suitable components for
detecting, processing, storing and/or transmitting a signal,
such as electrical circuitry, an analog-to-digital (“A/D”)
converter, and/or an electrical circuit for analog or digital
short range communication.

In some embodiments, any relevant components of the
airflow system 100 can include a processor, a memory, a
storage device, and an 1mput/output device.

Various implementations of some of embodiments dis-
closed, in particular at least some of the processes discussed
(or portions thereol), may be realized in digital electronic
circuitry, integrated circuitry, specially configured ASICs
(application specific integrated circuits), computer hard-
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ware, firmware, software, and/or combinations thereof.
These various implementations, such as associated with the
airtlow system 100 and the components thereof, for
example, may include implementation 1n one or more com-
puter programs that are executable and/or interpretable on a
programmable system including at least one programmable
processor, which may be special or general purpose, coupled
to recerve data and instructions from, and to transmit data
and 1nstructions to, a storage system, at least one 1nput
device, and at least one output device.

Such computer programs (also known as programs, soit-
ware, software applications or code) include machine
instructions/code for a programmable processor, {for
example, and may be implemented 1n a high-level proce-
dural and/or object-oriented programming language, and/or
in assembly/machine language. As used herein, the term
“machine-readable medium™ refers to any computer pro-
gram product, apparatus and/or device (e.g., non-transitory
mediums including, for example, magnetic discs, optical
disks, flash memory, Programmable Logic Devices (PLDs))
used to provide machine instructions and/or data to a pro-
grammable processor, 1ncluding a machine-readable
medium that receives machine instructions as a machine-
readable signal. The term “machine-readable signal” refers
to any signal used to provide machine instructions and/or
data to a programmable processor.

To provide for interaction with a user, the subject matter
described herein may be implemented on a computer having
a display device (e.g., a LCD (liquid crystal display) monitor
and the like) for displaying information to the user and a
keyboard and/or a pointing device (e.g., a mouse or a
trackball, touchscreen) by which the user may provide input
to the computer. For example, this program can be stored,
executed and operated by the dispensing unit, remote con-
trol, PC, laptop, smartphone, media player or personal data
assistant (“PDA”). Other kinds of devices may be used to
provide for interaction with a user as well. For example,
teedback provided to the user may be any form of sensory
teedback (e.g., visual feedback, auditory feedback, or tactile
teedback), and mput from the user may be received 1n any
form, including acoustic, speech, or tactile mput. Certain
embodiments of the subject matter described herein may be
implemented 1n a computing system and/or devices that
includes a back-end component (e.g., as a data server), or
that includes a middleware component (e.g., an application
server), or that includes a front-end component (e.g., a client
computer having a graphical user interface or a Web browser
through which a user may interact with an implementation
of the subject matter described herein), or any combination
of such back-end, middleware, or front-end components.

The components of the system may be interconnected by
any form or medium of digital data communication (e.g., a
communication network). Examples of communication net-
works 1nclude a local area network (“LAN”), a wide area
network (“WAN”), and the Internet. The computing system
according to some such embodiments described above may
include clients and servers. A client and server are generally
remote from each other and typically interact through a
communication network. The relationship of client and
server arises by virtue of computer programs running on the
respective computers and having a client-server relation to
cach other.

Any and all references to publications or other docu-
ments, including but not limited to, patents, patent applica-
tions, articles, webpages, books, etc., presented anywhere in
the present application, are herein incorporated by reference
in their entirety.
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Example embodiments of the devices, systems and meth-
ods have been described herein. As may be noted elsewhere,
these embodiments have been described for illustrative
purposes only and are not limiting. Other embodiments are
possible and are covered by the disclosure, which will be
apparent from the teachings contained herein. Thus, the
breadth and scope of the disclosure should not be limited by
any ol the above-described embodiments but should be
defined only 1n accordance with claims supported by the
present disclosure and their equivalents. Moreover, embodi-
ments ol the subject disclosure may include methods, sys-
tems and devices which may further include any and all
clements/features from any other disclosed methods, sys-
tems, and devices, including any and all features corre-
sponding to translocation control. In other words, features
from one and/or another disclosed embodiment may be
interchangeable with features from other disclosed embodi-
ments, which, 1n turn, correspond to yet other embodiments.
Furthermore, one or more features/elements of disclosed
embodiments may be removed and still result 1n patentable
subject matter (and thus, resulting in yet more embodiments
of the subject disclosure). Likewise, some of the embodi-
ments of the disclosure may be patentably distinct from the
prior art by not having one or more specific prior art
elements/teatures. In other words, claims to some embodi-
ments are patentably distinct over the prior art by reciting
lack of one or more elements/features (1.e., negative limita-
tions).

What 1s claimed 1s:

1. A non-transitory computer readable medium having
stored thereon computer instructions operational on one or
more processors for performing a computer implemented
method for determining instantaneous heat exchange rate
between an airflow and a heat exchange element of an
HVAC system, comprising:

obtaining;:

airtlow data corresponding to at least one of a velocity and
a static pressure of an airflow over and/or through a
heat exchange element of an HVAC system or airflow
data corresponding to a fan power of a fan within the
HVAC system,;

a first temperature and a first humidity level data of the
airtlow prior to encountering the heat exchange ele-
ment; and

a second temperature and a second humidity level data of
the airflow after encountering the heat exchange ele-
ment,

accessing at least one database having stored thereon data
including at least enthalpy data for a plurality of
temperatures and humidity levels or utilizing a formula
for converting temperature and humidity to enthalpy so
as to determine a first enthalpy based at least partially
on the first temperature and the first humidity level and
a second enthalpy based at least partially on the second
temperature and the second humidity level;

processing the airtlow data corresponding to the at least
one of the velocity and the static pressure or the fan
power so as to determine a volumetric airflow rate (QQ)
of the airflow;

determining a change in enthalpy (Ah) of the airflow after
encountering the heat exchange element based at least
partially on the first enthalpy and the second enthalpy;
and

determining an instantancous rate of heat exchange (E)
between the airflow and the heat exchange element
based on the determined volumetric airflow rate and
change 1n enthalpy.
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2. The medium of claim 1, wherein the method further
comprises outputting at least the determined instantaneous
heat exchange rate between the airflow and the heat
exchange element to at least one of a database, a display, a
computer, a server, a printer, and a mobile device.

3. The medium of claim 1, wherein at least one of the
obtaining, accessing, processing and determining steps are
carried out substantially in real-time.

4. The medium of claim 1, wherein obtaining comprises

receiving the airflow data via at least one of wired or
wireless communication.

5. The medium of claim 1, wherein the airflow data
comprises an nstantaneous reading of the at least one of the
velocity and static pressure.

6. The medium of claim 1, wherein the data stored on the
at least one database includes performance properties of the
fan or a blower of the HVAC system.

7. The medium of claim 6, wherein the data stored on the
at least one database includes parameters for converting at
least one of velocity and static pressure data to a volumetric
flow rate specific to the HVAC system.

8. The medium of claim 1, wherein the data stored on the
at least one database includes historical data including at
least one of weather, energy consumption, system operation,
and system performance associated with the HVAC system.

9. A system for determining instantaneous heat exchange
rate between an airflow and a heat exchange element of an
HVAC system, the system comprising:

an HVAC system comprising:

an air handling unit configured to receive and eflect heat
exchange via a heat exchange element on an airflow at
least partially recerved from an interior space and
return the airflow after heat exchange to the interior
space;

the heat exchange element;

at least one airflow sensor arranged proximate the heat
exchange element and configured to generate at least
one ol a velocity signal and a static pressure signal
determinative of at least one of a velocity and a static
pressure, respectively, of an airtlow over and/or
through the heat exchange element;

a first temperature sensor and a first humidity sensor
arranged proximate the heat exchange element on an
upstream side thereof, each first temperature and first
humidity sensor configured to generate respective first
signals determinative of a first temperature and a first
humidity level, respectively, of the airflow prior to
encountering the heat exchange element; and

a second temperature sensor and a second humidity sensor
arranged proximate the heat exchange element on a
downstream side thereof, each second temperature and
second humidity sensor configured to generate respec-
tive second signals determinative of a second tempera-
ture and a second humidity level, respectively, of an
airflow after encountering the heat exchange element;

at least one database having stored thereon data including,
at least enthalpy data for a plurality of temperatures and
humidity levels;

at least one computer processor which 1s configured:
to obtain the at least one of a velocity signal and a static

pressure signal, the first signals and the second
signals generated by the sensors, and/or the at least
one ol the velocity and the static pressure, the first
temperature and the first humidity level, and the
second temperature and the second humidity level
corresponding thereto,

.
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to access the at least one database, and the at least one
computer processor having computer instructions
operational thereon for:
processing the at least one of the velocity signal and
the static pressure signal, and/or the at least one of
the velocity and the static pressure corresponding

thereto so as to determine a volumetric airflow rate
(Q) of the airflow;

processing the first signals and the second signals
and/or the first temperature and the first humidity
level, and the second temperature and the second
humidity level corresponding thereto with the
enthalpy data from the database so as to determine
a change in enthalpy (Ah) of the airflow after
encountering the heat exchange element; and

determining the instantaneous rate of heat exchange
(E) between the airflow and the heat exchange
clement based on the determined volumetric air-
flow rate and change 1n enthalpy.

10. The system of claim 9, wherein the computer instruc-
tions are further operational to output at least the determined
instantaneous heat exchange rate between the airtlow and
the heat exchange element to at least one of a database, a
display, a computer, a server, a printer, and a mobile device.

11. The system of claim 9, wherein at least one of the
obtaining, the accessing, the processing and the determining
steps are performed substantially 1n real-time.

12. The system of claim 9, wherein the at least one of the
velocity signal and the static pressure signal generated from
the air flow sensor comprises an instantaneous reading of the
velocity and/or static pressure.

13. The system of claim 9, wherein one or more of the at
least one airflow sensor, the first temperature sensor, the first
humidity sensor, the first temperature sensor and the first
humidity sensor are configured to provide corresponding
generated signals via at least one of wire or wireless com-
munications to the processor or to an intermediary computer
or a communication device i communication with the
Processor.

14. The system of claim 9, wherein the processor com-
prises at least one remote computer.

15. The system of claim 9, wherein the HVAC system
includes a blower or a fan, and wherein the data stored on
the at least one database includes performance properties of
the blower or the fan.

16. The system of claim 15, wherein the performance
properties of the fan or the blower comprises a characteristic
pressure-volumetric airflow rate curve of the fan or the
blower.

17. The system of claim 9, wherein the data stored on the
at least one database includes parameters for converting the
at least one of the velocity signal and the static pressure
signal to the volumetric flow rate specific to the HVAC
system.

18. The system of claim 9, wherein the data stored on the
at least one database includes historical data including at
least one of weather, energy consumption, system operation,
and system performance associated with the HVAC system.

19. A computer implemented method for presenting to a
user a value representing an instantaneous rate of heat
exchange (E) between an airflow and a heat exchange
clement of an HVAC system, comprising:

obtaining by a computer readable medium:

airflow data corresponding to at least one of a velocity
and a static pressure of an airflow over and/or
through a heat exchange element of a HVAC system
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or airflow data corresponding to a fan power of a fan
within the HVAC system:;

a first temperature and a first humidity level data of the
airtflow prior to encountering the heat exchange
element; and

a second temperature and a second humidity level data
of the airtlow after encountering the heat exchange
element;

accessing at least one database having stored thereon data
including at least enthalpy data for a plurality of
temperatures and humidity levels or utilizing a formula
for converting temperature and humidity to enthalpy so
as to determine a first enthalpy based at least partially
on the first temperature and the first humidity level and

a second enthalpy based at least partially on the second

temperature and the second humidity level;

processing the airtlow data corresponding to the at least
one of the velocity and the static pressure or the fan

power so as to determine a volumetric airflow rate (Q)

of the airtlow;

determining a change in enthalpy (Ah) of the airflow after
encountering the heat exchange element based at least

partially on the first enthalpy and the second enthalpy:
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determiming an instantaneous rate of heat exchange (E)
between the airflow and the heat exchange element
based on the determined volumetric airtlow rate and
change 1n enthalpy; and

displaying the value representing the instantaneous rate of
heat exchange (E) 1n a graphical user interface.

20. An evaluation method for evaluating energy efliciency

of an HVAC system, comprising;:

performing steps of claim 19 so as to generate a first value
representing an instantaneous rate of heat exchange (E)
for a HVAC system employing an improved energy
utilization practice;

performing steps of claim 19 so as to generate a second
value representing an instantancous rate of heat
exchange (E) for a HVAC system lacking an improved
energy utilization practice;

performing a comparison of the first value and the second
value so as to generate a third value representing an
energy efliciency of the HVAC system; and

displaying the third value in the graphical user interface.

G o e = x
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